Background: Several interventions for tuberculosis (TB) control have been recommended by the World Health Organization (WHO) over the past decade. These include isoniazid preventive therapy (IPT) for HIV-infected individuals and household contacts of infectious TB patients, diagnostic algorithms for rule-in or rule-out of smear-negative pulmonary TB, and programmatic treatment for multidrug-resistant TB. There is no systematically collected data on the type of evidence that is publicly available to guide the scale-up of these interventions in low-and middle-income countries. We investigated the availability of published evidence on their effectiveness, delivery, and cost-effectiveness that policy makers need for scalingup these interventions at country level.
Introduction
Despite a widely adopted global strategy to control the disease, tuberculosis (TB) remains a major health problem, particularly in resource-poor countries [1] . New interventions are needed to improve diagnosis, treatment, and prevention of infection and disease, such as new technologies (e.g., diagnostic) or products (e.g., drugs, vaccines), but also novel use of existing technologies and products (e.g., alternative diagnostic algorithms, novel ways of improving treatment adherence) [2, 3] . Policy makers need to consider how new interventions can be adopted by TB control programs and implemented at a program-wide scale. This evaluation involves policy choices at several levels-global, national, and local-that need to be informed by evidence that has been collected and interpreted in a systematic and reproducible way [4] , especially evidence on intervention effectiveness. While clinical trials (e.g., of new drugs) or laboratory-based comparisons against gold-standard methods (e.g., of new diagnostics) lay the basis for such evidence by establishing the efficacy under optimally controlled conditions, the effectiveness of an intervention quantifies effects in real-life health care settings [5] , as measured by outcomes that are relevant to TB control (e.g., the number of patients cured, or the number of TB cases prevented) as well as outcomes that are relevant to patients (e.g., earlier diagnosis and cure, improved access to care) [4, 6] . In addition, policy makers need to understand how an efficacious intervention can best be delivered in various contexts, in particular the conditions and requirements that determine implementation success or failure. Such conditions may include, for example, methods for optimizing treatment adherence, or for assuring access to diagnostic procedures [7] [8] [9] . Finally, policy makers in resourceconstrained settings need to know whether an intervention is the most cost-effective way of improving TB control compared to alternative interventions [10] . Collectively, these three types of information can provide the ''evidence for scale-up,'' addressing whether and how a new intervention will improve TB control in a cost-effective way at program-wide scale.
Over the past decade, several new interventions in TB control have been developed and recommended in World Health Organization (WHO) guidelines [11] . While recommendations for new interventions are usually based on evidence for efficacy arising from controlled studies, little is known about their effectiveness, the requirements for optimum delivery, and their cost-effectiveness when implemented in various epidemiological and resource conditions. This limited evidence, along with other factors, might have hindered wide-scale use of potentially effective interventions [12] . There are currently no systematically collected data on the availability of evidence for scale-up of newly recommended interventions for TB control. Therefore, we conducted a systematic review of published study reports of five related interventions that have been recommended by the WHO over the past decade, and for which evidence guiding scale-up would be needed. The five interventions were selected as representing direct actions to be carried out at the country level to improve TB control with regard to prevention, diagnosis, and treatment and covering a large spectrum of situations. This made it possible to assess what research had been done to guide implementation under a variety of epidemiological conditions (e.g., high or low HIV incidence, high or low burden of TB drug resistance). These interventions are: (i) isoniazid preventive therapy (IPT) for preventing TB disease among HIV-infected individuals; (ii) IPT for preventing TB disease among household contacts of infectious TB patients; (iii) clinical algorithms for diagnosing smear-negative TB disease in patients seeking care (''rule-in algorithms''); (iv) screening algorithms for excluding TB disease in HIV-infected individuals eligible for preventive therapy (''rule-out algorithms''); and (v) programmatic provision of second-line treatment for multidrug-resistant TB. All were recommended over the past decade [13] [14] [15] [16] [17] ; several have been updated since. For each of these interventions, we appraised published studies critically with respect to their objectives, the designs used (how were these questions addressed?), the settings in which they were performed, and their generalizability, giving particular attention to the extent to which the study findings reflected the conditions of, and the patient populations covered by, routine TB services.
Methods
For each of the five interventions we searched the MEDLINE, EMBASE, Web of Science, and several regional databases (Index Medicus for the Eastern Mediterranean Region, SaudMed, INDMED, HERDIN, Thai Index Medicus, LILACS, African Index Medicus, Koereamed Medicus, Aidsthaidata) for research papers published between 1 January 1990 and 31 March 2012 following a predefined protocol (Texts S1 and S2). All databases searched are available online; we only used databases from researchers that had been peer reviewed and published, and we only included published studies. To maximize the number of publications evaluating effectiveness, delivery, and cost-effectiveness of these interventions, we initially included all publications identified by key word searches (Text S3). For each intervention, two reviewers (EO and FC) independently selected publications from this list on the basis of titles and abstracts, applying preset criteria (Box 1). Additional manual search of the reference lists of reviews was performed; publications thus identified were checked with the initial selections and added if lacking. Since the International Journal of Tuberculosis and Lung Disease has published extensively on the subject of interest, we performed an additional manual search of this journal on a randomly selected 10% of its issues to check if the database search included all relevant titles; we found no publications that were not identified in our initial searches. Only papers written in English, French, Spanish, Portuguese, or German were included.
Data from all selected papers were entered into a MS Excel database (Microsoft Corp), including study objectives, design, settings, and results. Two reviewers (SvK and FC) independently appraised each included publication; disagreement was solved by consensus (FC). In addition to the key evaluation criteria (objective[s], design, setting, generalizability), for studies that reported health outcomes we appraised the extent to which they addressed effectiveness rather than efficacy (Box 2). Our review did not aim to summarize the results of the studies, and by its nature included studies of highly varying designs and methodologies. Therefore we did not perform any quality assessments.
Finally, we evaluated the distribution of the studies according to their geographical location in four global regions (Central/South America, sub-Saharan Africa, Middle East and South Asia, and East and Southeast Asia), their type (effectiveness, cost-effectiveness and delivery studies), their design (comparative or noncomparative), and the setting in which they were conducted (routine/programmatic, research, or mixed routine-research). This assessment allowed us to assess the general landscape of interventions arising from these data, thereafter referred to as ''the research landscape.'' Because of the high MDR-TB prevalence and specific organization of the TB control system, for second-line treatment we added the former Soviet Union as a separate region.
The funders of this study (the Stop TB Partnership and Global Fund to fight AIDS, Tuberculosis and Malaria) were involved in study design and preparation of the manuscript but did not influence the data collection, analysis, or decision to publish.
Results

Isoniazid Preventive Therapy
Of 4,418 titles and abstracts screened we included 73 studies in the analysis (Figure 1 ), of which two were identified from regional databases only. Fifty-seven studies addressed IPT in HIV-infected individuals, 14 addressed IPT in household contacts (13 in children, one in all age groups), and two addressed IPT in miners in South Africa. Since HIV prevalence in these study populations was high we included the latter study in the HIV category, bringing the total number of HIV studies to 59. Forty-seven of the 73 studies considered the association of IPT with health outcomes, 44 in HIV infected individuals, and three in household contacts. Of the 44 studies involving HIV-infected individuals that addressed effects on health outcomes, 16 were considered efficacy studies and 12 effectiveness studies; 16 had elements of both.
Thirty-six of the 73 studies (49.3%; 33 among HIV-infected individuals) assessed the association of IPT with TB incidence or progression of the HIV infection, with 34 (also) addressing adverse effects of IPT. Six studies reported drug resistance patterns among TB cases occurring during or after IPT, all among HIV-infected individuals, including four individually randomized trials, and one comparative and one non-comparative cohort study. Forty-eight (65.8%) studies investigated aspects of care delivery including seven in which this was done as part of an individually randomized trial, and four (6.6%; three for HIV-infected individuals, and one for household contacts) that assessed the effects of interventions to improve completion of, or adherence to, IPT. Cost-effectiveness was examined in four studies (6.6%); one additional study provided costing data (Table 1) .
Thirty-three studies followed a comparative research design (45.2%), including 19 individually randomized trials (all among HIV-infected individuals). Although two studies included data from group-randomized trials [18, 19] , none reported analyses of trial outcomes. Twentythree prospective and ten retrospective cohort studies used a noncomparative design. Sixty-four of the 71 single-country studies (90.1%) were conducted in countries with HIV prevalence among TB patients of $5%. The majority of these studies were undertaken in sub-Saharan Africa (45; 61.6%) and the Americas (14; 19.2%) (Figures 2 and 3) . Two-thirds of all studies (50, 68.5%) were conducted in just five countries, namely South Africa (22) , Uganda (9), Brazil (8), Thailand (6), and Haiti (5), and the majority by the same research groups. Twenty-two (30.1%) studies were in research settings, and 39 (53.4%) in routine settings.
We The research landscape shows that the majority of effectiveness studies on IPT among HIV-infected individuals were undertaken in sub-Saharan Africa (Figure 2 ). Comparative effectiveness studies done outside research settings for IPT in HIV-infection (n = 9) were mainly limited to South America and sub-Saharan Africa. For IPT in contacts ( Figure 3 ) there is limited data on effectiveness, none of these arising from comparative studies. Comparative intervention studies on delivery aspects and cost-effectiveness studies are rare for both interventions. There is little published evidence for scale-up of IPT from outside Africa or the Americas.
Clinical Algorithms for Detecting Pulmonary Tuberculosis
Of 3,434 titles and abstracts screened we included in the analysis 63 studies examining clinical algorithms ( Figure 1 ); two were identified from regional databases only. Forty-four studies primarily addressed rule-in algorithms for smear-negative TB, and 19 primarily addressed rule-out algorithms for any pulmonary TB. Of the 63 included studies, 19 (30.2%) evaluated predefined diagnostic algorithms: 15 for rule-in and four for rule-out. Twentyfive studies assessed clinical predictors (39.7%; 11 for rule-in, 14 for rule-out). Of these, eight rule-in studies and 12 rule-out studies used the resulting predictions to develop a clinical scoring system, a clinical algorithm, or a screening algorithm. For seven rule-out studies the scoring system or algorithm was primarily based on symptoms. In addition, one of the rule-in studies evaluated the developed clinical algorithm on a separate partition of the dataset [20] . Eleven (17.5%) studies evaluated diagnostic procedures added to clinical algorithms, of which 3 also assessed costeffectiveness. Ten studies (15.9%, all rule-in) addressed delivery issues.
The majority of the studies had non-comparative prospective cohort (28, 44.4%) or cross-sectional (26, 41.3%) designs. Two studies compared predefined rule-in algorithms against standard practice, both in a before-after design: one compared the proportions of smear-positive diagnoses before and after introducing a locally developed clinical algorithm in Ethiopia using routine notification data [21] , and the other study compared hospitalization and mortality among severely ill HIV-infected individuals suspected to have TB, before and after introducing the WHO algorithm for diagnosis of smearnegative TB [22] in routine practice in South Africa [23] . Four other recent studies evaluated the 2007 WHO algorithm for ruling in smear-negative TB; one compared it to the 2003 WHO algorithm in Uganda [24] , and the remaining three (from Brazil, Cambodia, and South Africa) used a non-comparative cross-sectional or retrospective design [25] [26] [27] . One study evaluated the most recent WHO-recommended algorithm for ruling out TB in HIV-infected individuals in Vietnam using a non-comparative design [28] . Of the rule-in studies, 34 (77.3%) included TB suspects, while eight (20.5%) only included smearnegative TB patients, which did not allow assessment of the specificity of the algorithm (Table 2) .
Forty-eight (78.7%) of the 61 single/similar-country studies were performed in countries with HIV prevalence among TB patients of $5%. Again, the majority of these studies were conducted in sub-Saharan Africa (40; 65.6%) (Figures 4 and 5 ). Forty-six (73.0%) studies took place in routine settings and 15 in research or mixed research-routine settings. We categorized the results of 26 studies (41.3%) as generalizable irrespective of setting, 31 (49.2%) as generalizable to similar epidemiological and health care settings, and five as non-generalizable beyond local setting ( Table 2 ). Out of the 53 studies with health outcomes, 24 were categorized as primarily assessing effectiveness (45.3%), 26 (49.1%) as having elements of both effectiveness and efficacy, and three as evaluating efficacy only.
The number of studies increased from 2006 onwards, when 39 of the 63 studies (61.9%) were published. Of 21 studies that Box 2. Categorization Criteria of Reviewed Studies
Study objective(s)
Studies were categorized as evaluating effects of the intervention on health outcomes; its delivery; its costeffectiveness; or other. Further categorization was specific for the intervention under review. Only those objectives were categorized that were specifically mentioned in the paper; more than one objective was allowed. 2. Study design Studies were categorized as comparative and non-comparative studies. Comparative studies were defined as studies that compared outcomes for different interventions, with or without experimental design and randomized allocation. Non-comparative studies were defined as cohort studies or cross-sectional studies that did not compare interventions. Papers reporting on non-comparative analyses within comparative studies were recorded as noncomparative. 3. Study setting Studies were categorized according to the country where the study was conducted (grouped into global regions), to mid-period (2005) estimated incidence of TB, to midperiod prevalence of HIV infection among TB patients [62] , and/or to prevalence over the period 2000-2009 of multidrug resistance among TB patients [63] .
In addition, the study location was categorized as a research setting, a mixed routine/research setting, or a routine setting. We defined a research setting as one with extensive clinical and laboratory research facilities with strong potential for research-driven diagnostic, treatment, and follow-up procedures; a routine setting as one with routine clinical and laboratory facilities and procedures only; and a mixed setting as a combination of the two, e.g., a routine treatment setting with research-driven follow-up procedures. For studies of diagnostic algorithms we in addition categorized the studies by the patient populations included. 4. Generalizability of the study Study results were considered generalizable irrespective of epidemiological or health care setting if they were likely not affected by setting-specific factors, generalizable to similar epidemiological or health care settings if they were likely affected by factors that are common across settings (e.g., HIV infection prevalence), and not generalizable beyond the country or setting in which the study was done if such factors were highly setting-specific (e.g., non-completion due to migration). 5. Efficacy versus effectiveness Studies that reported health outcomes were categorized as primarily assessing efficacy, primarily assessing effectiveness, or mixed. Efficacy studies were defined as studies with strict protocol-defined in-and exclusion criteria of study subjects and optimized adherence or diagnostic procedures. Effectiveness studies were defined as studies that applied routine or programmatic criteria for in-and exclusion criteria of study subjects and routine measures for enhancing adherence [64] . evaluated predefined algorithms, eight were published in 2010 or 2011.
The landscape for rule-in diagnosis ( Figure 4) shows that while effectiveness studies of diagnostic algorithms or combined diagnostics done in the relevant study population, i.e., individuals suspected to have TB, have been published from sub-Saharan Africa (n = 15), very few have come from other geographical regions. Only four of such effectiveness studies had a comparative design. There have been few studies on delivery aspects or costeffectiveness, and again, there are very limited data from the Middle East/South Asian region. For rule-out diagnosis ( Figure 5) , there have been a number of studies on specific combined diagnostics including symptom screening, but few that evaluated existing algorithms; these studies were almost exclusively from subSaharan Africa and East/Southeast Asia. No studies were published on delivery aspects and only one reported costeffectiveness data.
Programmatic Provision of Second-Line Treatment for Multidrug-Resistant Tuberculosis
Of 3,637 titles and abstracts screened, we included 72 articles in the analysis (Figure 1 ), of which three were identified from regional databases only. The large majority (59, 81.9%) were noncomparative retrospective or prospective cohort studies that evaluated outcomes for individualized (i.e., guided by the individual drug resistance pattern) or standardized (i.e., guided by resistance patterns in the population) treatment (Table 3 ).
These articles included 11 studies that addressed XDR-TB, either uniquely or in combination with non-XDR MDR-TB, and nine that were done in a patient population with an HIV infection prevalence of $5%. Only one cohort study compared different second-line drug regimens for treatment outcomes using a nonrandomized, group-wise before-after design [29] . Another cohort study compared outcomes for centralized versus decentralized treatment [30] . Two articles reported different analyses on the same patient cohort [31, 32] .
Fourteen studies (19.4%) addressed delivery issues, including five that assessed the effects of specific interventions for improving treatment adherence in a comparative design: two randomized-controlled trials comparing the effects of clinical pharmacist-directed patient education [33] and of telephoneassisted support [34] ; a before-after comparison of decentralized patient management [35] ; another before-after comparison of community-versus hospital-based treatment [36] ; and a semiquantitative case study of psychosocial support groups [37] .
All of these studies also assessed predictors of successful or poor treatment outcomes, and two included cost-effectiveness analyses in programmatic settings. Eight of the cohort studies of treatment outcomes and nine additional studies specifically assessed frequency of and risk factors for adverse effects. One cohort study also reported on amplification of drug resistance and M. tuberculosis reinfection during treatment [38] .
Of the 62 selected studies of second-line treatment that evaluated the associated health outcomes, almost all (58, 93.5%) were categorized as assessing effectiveness rather than efficacy. Thirty-nine studies (54.2%) were from just five countries: Peru (11), South Africa (nine), South Korea (eight), India (six), and Latvia (five). This set of studies reflected to a large extent the research groups involved: 27 of these studies involved three research groups. Twenty-one (29.2%) studies were done in pilot projects of the ''DOTS-Plus'' approach to second-line treatment, and 48 (66.7%) in routine settings, including specialized clinics for 27 studies and programmatic settings for 21.
We categorized 53 studies (73.6%) as generalizable irrespective of setting. These were mainly cohort studies of treatment outcomes that were primarily determined by drug resistance pattern and drug regimen, except four that had highly setting-specific elements with regard to treatment completion (e.g., involving prison populations). All remaining studies were categorized as generalizable to similar epidemiological and health care settings.
All included studies were published after 1995; about threequarters (53, 73.6%) were published from 2006 onwards. Of the 35 effectiveness studies done in programmatic of pilot settings, 13 were published since 2010.
The landscape arising from these data ( Figure 6 ) shows that while non-comparative effectiveness studies (case series) in programmatic or pilot settings have been published from all regions of the world, studies comparing various interventions for their effectiveness outside research settings have been rare (n = 3). Studies on care delivery aspects are infrequent and those published are mainly from Peru. Studies specifically assessing cost-effectiveness are rare.
Discussion
Our systematic review demonstrates the paucity of published evidence for scale-up of five selected interventions for TB control in real-life conditions in various epidemiological and health care settings. In addition, the few published studies had limitations with regard to their design, their geographical distribution, and the settings in which they were conducted: studies aimed at assessing effectiveness rather than efficacy mainly had non-comparative designs, were geographically clustered (primarily in sub-Saharan Africa), and were often not done in sites or patient populations that reflect the routine health care settings in which the interventions need to be applied. Of the 208 reviewed studies for all five interventions combined, only about one-fourth (54 studies) evaluated ways of delivering these interventions in routine health care settings, and only nine assessed their cost-effectiveness, showing the limited evidence accrued for guiding their programmatic scale-up.
While these shortcomings are specific to each of these five interventions, there are a number of shared features. True real-life studies of effectiveness in programmatic settings are rare. While several studies assessed the efficacy of IPT under optimal conditions (such as in research settings) or in selected groups of patients, very few studies evaluated the effectiveness of IPT under routine conditions. Likewise, although in recent years a number of studies evaluating clinical algorithms for rule-in diagnosis of smear-negative TB or for rule-out of TB among HIV-infected individuals in programmatic settings have been published, the geographical distribution of these studies is patchy. For example, South Asia is consistently underrepresented.
In addition, very few studies have evaluated methods to optimize the delivery of the intervention. For example, while observational cohort studies of delivery of second-line treatment Figure 2 . Distribution of published studies on isoniazid preventive therapy of HIV-infected individuals, by geography, objective, and study setting. Effectiveness studies relate to studies designed to address effectiveness as well as mixed effectiveness-efficacy for health-related outcomes, done in routine or mixed routine-research settings. Delivery studies relate to studies designed to address treatment completion and adherence, practices, and organization of services. Two comparative and two non-comparative delivery studies were also included as effectiveness studies, and two cost-effectiveness studies were also included as delivery studies. doi:10.1371/journal.pmed. 1001358.g002 have been important to show its feasibility in resource-poor settings and identify best practices of treatment adherence, there are few published direct comparisons of such practices, and very few have used a comparative design.
Another common feature is the paucity of published economic evaluations of the recommended interventions according to our selection criteria (nine published cost-effectiveness analyses only, including none on IPT for contacts and only one on rule-out algorithms). This is not to say that no other cost-effectiveness analyses have been published. We found seven additional papers on cost-effectiveness modelling (all on IPT in HIV-infected individuals), but these studies modelled hypothetical cohorts that were not or only partially based on effectiveness and costing data as observed within single studies. Since these models tend to reflect ideal rather than real-life conditions, we considered these less relevant for decisions about scale-up at the country level.
Finally, and most importantly, relatively few studies had appropriate methods to evaluate interventions or the models to deliver these interventions. While a number of study designs can be used to demonstrate effectiveness of interventions, experimental or quasi-experimental methods with a comparative element are generally considered to provide the strongest evidence, particularly when the intervention is compared to existing practice. Since health interventions are often applied at the group level (e.g., entire clinics), such comparative studies preferably have randomized group-wise allocation [39] . This study design, also known as group-or cluster-randomized trial, has various extensions that allows study of intervention effects during implementation (e.g., the stepped wedge design) [40] [41] [42] . Although we became aware of two group-randomized comparative studies on IPT in HIV infection that are underway in Brazil and South Africa, respectively [18, 19] , we found no reports of group-randomized trials for any of the five interventions over the last decade. Increasingly used in other disease areas [43] , this study design has found little application in TB. We believe this is a missed opportunity as the standardized diagnosis, treatment, and recording of the classical DOTS programs are particularly well suited for such studies, e.g., by randomizing diagnostic and treatment centres to one or the other intervention model [7, 44] . In addition, when applied across programs, such standardization allows multi-country studies of similar approaches in different settings-such as the multi-site study on provision of second-line treatment by Nathanson et al. [45, 46] .
It should be noted, however, that (quasi-)experimental designs have potential drawbacks with regard to the representativeness of the study results for routine health care setting, as the research investment required tends to alter health care practice. Such interference may nonetheless be limited by issues such as basing data collection to a large extent on routine recording and reporting, and not collecting any clinical material beyond the intervention under study, which may also obviate the need for individual informed consent.
We found only a small number of studies that addressed delivery issues such as adherence to treatment or improved operations of existing diagnostics. This may be because these studies are conducted and reported locally, but not published in the peerreviewed journals covered by our search, and because of publication bias leading to preferential publication of studies reporting successful outcomes [47] .
Our review has a number of strengths. It assessed several TB control interventions in a single framework, allowing us to separate the characteristics that are common in the search for evidence for scale-up from those that are specific for each intervention. The framework that we applied categorizes studies according to a set of verifiable evaluation criteria, and even though the appraisal of study setting and generalizibility of the study results had subjective elements, we defined these in a way that allows reproducibility for similar exercises on different interventions or diseases. Figure 3 . Distribution of published studies on preventive therapy of household contacts of infectious TB patients, by geography, objective, and study setting. Effectiveness studies relate to studies designed to address effectiveness as well as mixed effectiveness-efficacy for health-related outcomes, done in routine or mixed routine-research settings. Delivery studies relate to studies designed to address treatment completion and adherence, practices, and organization of services. Two non-comparative delivery studies were also included as effectiveness studies. doi:10.1371/journal.pmed.1001358.g003 Table 2 . Results for studies on clinical algorithms for diagnosis of smear-negative TB in patients presenting with symptoms (''rulein'') and for screening of HIV-infected individuals (''rule-out''). Our approach also has a number of limitations, in addition to those already mentioned. The interventions we selected do not cover all programmatic interventions in TB. However, the interventions we selected have all been recommended by the WHO and received attention as being poorly implemented, [48] [49] [50] [51] despite being evidence-based with data showing that, under controlled circumstances, they improve prevention, diagnosis, or treatment of TB. In addition, our review only covered the period from 1990 to early 2012, and we may have missed studies published earlier. This time range could explain the small number of studies identified on IPT for household contacts, as this intervention was already recommended by WHO before 1990, based on randomized controlled trials of 12 or more months of isoniazid treatment among household contacts of infectious TB patients conducted in the 1960s in the USA, Puerto Rico, Mexico, Kenya, and The Philippines [52] [53] [54] [55] , as well as a community study in Alaska [56] . However, this timeframe was before WHO's DOTS Strategy was launched mid-1990s [57] , and most studies on effectiveness, delivery or cost-effectiveness of chemoprophylaxis of household contacts in DOTS-style TB control programs should have been published after that. The other interventions were recommended within the last decade, and impact studies are likely to have been done and published in the study period. Moreover, we found, for all interventions combined, only four studies published in the period 1990-1995, making it unlikely that our restriction of the review period caused us to miss studies that would have altered our conclusions.
Finally, although our search in addition to three global databases covered the most important literature databases for India, Africa, South-and Central America, the Arab subcontinent, the Philippines, Thailand, and South Korea, we did not search for publications in major languages such as Chinese, Arab, and Russian. However, among the over 4,000 titles we screened in regional databases, we found only five publications that had not yet been identified from the global databases, indicating that a more extensive search is unlikely to yield many more relevant publications and fundamentally different conclusions.
A detailed operational research agenda to address the implementation of WHO policies for TB control at country level was recently issued [58, 59] . This review shows a number of gaps in the realization of this agenda. More studies are needed to show the effectiveness of IPT, including its effect on development of drug resistance, in HIV-infected persons as a programmatic intervention in countries representing a broad range of epidemiological and health system settings, notably in Asia. More studies are needed on IPT of household members outside of the context of HIV infection, and should include evaluation of cost-effectiveness. In addition, studies should assess approaches that enhance access to and adherence with each intervention as important delivery aspects. For clinical diagnosis of smear-negative TB, there is a need for studies that evaluate and compare effectiveness, delivery, and costeffectiveness of rule-in and rule-out algorithms, especially outside sub-Saharan Africa. Furthermore, for provision of second-line treatment, different delivery models aimed at enhancing treatment adherence and management of adverse effects need to be evaluated in varied settings and compared for programme scalability.
This review showed the paucity of published data on the effectiveness, delivery, and cost-effectiveness of a selected number of new interventions in TB control in contexts where they need to be implemented. This lack of ''evidence for scale-up'' may be an important cause of the shortfall in implementation of these interventions in many countries. The recent diagnostic break- These studies also assessed effects on health outcomes. d Excluding one multi-country study [65] .
e Excluding two multi-country studies [65, 66] . f Number of studies evaluating effects on health outcomes. doi:10.1371/journal.pmed.1001358.t002 Figure 4 . Distribution of published studies on clinical algorithms for diagnosing smear-negative TB in patients presenting with symptoms (''rule-in''), by geography, objective, and study setting. Effectiveness studies, algorithm relate to studies designed to evaluate predefined clinical algorithms, and effectiveness studies, diagnostics to studies designed to evaluate combined diagnostic methods, both for diagnosing smear-negative TB among TB suspects done in routine or mixed routine-research settings. Delivery relates to studies designed to address diagnostic practices and improvement of smear examination or sputum collection to improve diagnosis of smear-negative TB. One study evaluated both combined diagnostic methods and a predefined clinical algorithm. Two cost-effectiveness studies were also included as evaluations of combined diagnostic methods. doi:10.1371/journal.pmed.1001358.g004 Figure 5 . Distribution of published studies on clinical algorithms for screening for smear-negative TB in HIV-infected individuals (''rule-out''), by geography, objective, and study setting. Effectiveness studies, algorithm related to studies designed to evaluate predefined clinical algorithms, and effectiveness studies, diagnostics to studies designed to evaluate combined diagnostic methods, both for excluding TB among HIV-infected individuals and done in routine or mixed routine-research settings. One cost-effectiveness study was also included as evaluation of combined diagnostic methods. doi:10.1371/journal.pmed.1001358.g005 Table 3 . Results for studies on provision of second-line treatment for multidrug-resistant TB. 
Study design
Design
Comparative studies 7
Individually randomized trials 2
Group-randomized trials 0
Non-randomized cohort comparisons 3
Before-after comparisons 2
Non-comparative studies 65
Prospective cohort studies 22
Retrospective cohort studies 40
Case-control studies 1 Figure 6 . Distribution of published studies on provision of second-line treatment for drug-resistant TB, by geography, objective, and study setting. Effectiveness studies relate to studies designed to address effectiveness as well as mixed effectiveness-efficacy for health-related outcomes, done in programmatic settings or ''DOTS-Plus'' pilots. Delivery relates to studies designed to address treatment completion and adherence, and organization of services. One non-comparative delivery study and two cost-effectiveness studies were also included as effectiveness studies. [60] to promote the use of rational and objective-driven operational research in TB control to suitably inform policy making [59] as identified by the Global Plan to Stop TB 2011 -2015 , which incorporates research as a priority to improve TB control globally [2] . This effort may require funding agencies to reconsider their priorities. The 208 publications that we included in our review constitute only a minute fraction of the 81,854 publications on TB over the review period that were listed in PubMed alone, which included, for example, 591 papers on interferon-gamma release assays that are of very limited use in countries with high TB incidences [61] . Further, it requires not only that more operational studies are conducted, but also that the results are made publicly available, thus placing responsibilities with researchers, funding agencies, and journal editors. Why Was This Study Done? Over the past few years, WHO has recommended that countries implement several interventions to help control the spread of tuberculosis through measures to improve prevention, diagnosis, and treatment. Five such interventions currently recommended by WHO are: treatment with isoniazid to prevent TB among people who are HIV positive, and also among household contacts of people infected with TB; the use of clinical pathways (algorithms) for diagnosing TB in people accessing health care who have a negative smear test-the most commonly used diagnostic test, which relies on sputum samples-(''rule-in algorithms''); screening algorithms for excluding TB in people who have HIV (''rule-out algorithms''); and finally, provision of second-line treatment for multidrugresistant tuberculosis (a form of TB that does not respond to the most commonly used drugs) under programmatic conditions. The effectiveness of these interventions, their costs, and the practicalities of implementation are all important information for countries seeking to control TB following the WHO guidelines, but little is known about the availability of this information. Therefore, in this study the researchers systematically reviewed published studies to find evidence of the effectiveness of each of these interventions when implemented in routine practice, and also for additional information on the setting and conditions of implemented interventions, which might be useful to other countries.
Supporting Information
What Did the Researchers Do and Find? Using a specific search strategy, the researchers comprehensively searched through several key databases of publications, including regional databases, to identify 208 (out of 11,489 found initially) suitable research papers published between January 1990 and March 2012. For included studies, the researchers also noted the geographical location and setting and the type and design of study. Of the 208 included studies, 59 focused on isoniazid prevention therapy in HIV infection, and only 14 on isoniazid prevention therapy for household contacts. There were 44 studies on ''rule-in'' clinical diagnosis, 19 on ''rule-out'' clinical diagnosis, and 72 studies on second-line treatment for TB. Studies on each intervention had some weaknesses, and overall, researchers found that there were very few realworld studies reporting on the effectiveness of interventions in program settings (rather than under optimal conditions in research settings). Few studies evaluated the methods used to implement the intervention or addressed delivery and operational issues (such as adherence to treatment), and there were limited economic evaluations of the recommended interventions. Furthermore, the researchers found that in general, the South Asian region was poorly represented.
What Do These Findings Mean? These findings suggest that there is limited evidence on effectiveness, delivery, and cost-effectiveness to guide the scale-up of five WHO recommended interventions to control tuberculosis in the countries and settings, despite the urgent need for such interventions to be implemented. The poor evidence base identified in this review highlights the tension between the decision to adopt the recommendation and its implementation adapted to local circumstances, and may be an important reason as to why these interventions are not implemented in many countries. This study also suggests creative thinking is necessary to address the gaps between WHO recommendations and global health policy on new interventions and their real-world implementation in country-wide TB control programs. Future research should focus more on operational studies, the results of which should be made publicly available, and researchers, donors, and medical journals could perhaps re-consider their priorities to help bridge the knowledge gap identified in this study. 
